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FUNDAMENTA9L FACTORS FOR DELAY AND
NON-UNION IN FRACTURES*
DENIS S. O'CONNOR
At the present time, as is evidenced by the research being done
on bone healing, there is apparently a renewed interest in the causes
of failure of broken bones to unite. It is always well at such a time
to go back to the fundamentals of the subject being investigated to
be sure that we have not forgotten our essential physiological
processes.
It might be pertinent, at the beginning, to inquire, "What is a
fracture?" In asking this question it is not suggested that even the
veriest tyro in medicine does not know the answer but I do wish to
bring to mind what we, from our constant contact with pathological
processes, are apt to forget-that a fracture is pathological only in
its occurrence and that normally the healing process is akin to union
of the soft tissue either by first intention or by fibrous tissue. It is
the normal repair to injury without the interposition of a true patho-
logical process.
A fracture occurs as the result of the imposition upon unfractured
bone of a force greater than it was designed to bear. It is usually
a violent force. It is hardly conceivable that any fracture could
occur without hemorrhage. Except in compounded fractures, the
hemorrhage remains within the tissues and varies within wide limits.
The hemorrhage stops when the pressure created by the escape of
blood into the tissues is sufficient to counterbalance the pressure in
the bleeding vessel or vessels.
The presence of the blood in the tissues is pathological. It can-
not there perform its main functions and it is disposed of normally
in one of two ways-by absorption or by organization. If the blood
supply is efficient the hemorrhage is absorbed but if the blood supply
is poor the blood remains in the tissues where a series of processes,
called organization, occur. Under certain conditions practically all
the hemorrhage is absorbed; under others the degree of absorption
and organization may vary. If organization occurs its final form
may take that of any of the tissues arising from the mesodermal
layer.
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In fractures, organization of the hemorrhage is a necessary pre-
requisite to the subsequent steps in the healing process. The fibrin-
ogen in the blood gives rise to the formation of a network of fibrin
which enmeshes the other elements of the blood. Blood vessels
quickly grow into the blood clot from all sides carrying the elements
necessary to nourish the developing tissue. Fibrous tissue cells
from the periosteum and other fibrous tissues in the vicinity of the
fracture invade this clotted blood throwing out fibers to make
stronger the flimsy bridging of the parted bone. Eventually we
have an immature form of fibrous tissue formed.
In this immature tissue, calcium salts are deposited to form
callus. This callus then becomes transformed into true bone in
contradistinction to the temporary callus. The mechanism of dep-
osition of calcium in the repair of fractures is imperfectly under-
stood; doubtless it is a physico-chemical process.
The length of time necessary for the healing process varies
normally with the diameter of the bone, the age of the individual,
and the constitutional condition. The normal healing time for each
bone and each type of fracture could be worked out and must
eventually be worked out before we can talk accurately about "de-
layed healing" in fractures as applied to any particular bone.
Reasons for delayed union and non-union in fractures
With this short outline of the normal healing process of bone
before us, we may classify the causes of delayed union and non-
union of fractures into the conventional "local" and "constitutional"
subdivisions. It is important to know, of course, if the factor
interfering with the healing is local or constitutional. What are
the constitutional causes of delayed union or non-union? Causes
to put in this category are, indeed, difficult to find, and it may be
necessary to fall back on the old excuse for every failure-lues-
as an example of a constitutional cause. In all honesty I would
advise a careful check of the conditions of the fracture and the
treatment to see ifthe local conditions are favorable to healing before
resorting to this vague constitutional excuse.
It has long been known and appreciated that the presence of
tissue, usually muscle, between the fragments, will prevent healing.
Too frequently is this diagnosis made to explain failure of union.
The presence of any tissue of sufficient bulk to prevent the bridg-
ing of the fracture by blood clot will prevent union and as soon
as the diagnosis is made, the condition must be corrected either
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by manipulation or by open operation. Remember that the healing
process of fracture begins almost immediately following the fracture
and that if impediments to the process are present the sooner they
are removed and the sooner the natural processes are set in motion
the earlier will the fracture be healed. But tissue is not the only
impediment to the healing process. Separation of the fragments
by a space greater than can be filled by the hemorrhage will leave a
void and bone will not heal across space containing nothing. This
cause of delayed union has arisen to some extent in skeletal traction
in which the fractured ends of the bone were unduly distracted.
We have had such a fear of shortening in the past that we are apt
to feel rather pleased with a reduction by traction which shows a
margin of lengthening expressed by the distraction. But this is not
the blessing it would seem to be and evident distraction of fragments
should be corrected by decreasing the traction to permit the frag-
ments to come into contact.
Failure to approximate the fragments is also a factor in fractures
of the neck of the femur, although in type I (Scudder) fractures
another factor to be mentioned presently also appears. The ex-
ternal rotation of the leg so commonly present in fractures of the
neck of the femur causes a marked separation of the fragments
anteriorly. Internal rotation, therefore, is of great importance in
creating conditions favorable to healing.
The presence of fluid other than blood is also a factor which
deters the start of healing; joint fluid being the principal factor in
this category. The fluid dilutes the blood and inhibits the forma-
tion of the clot. This factor is important in all cases where the
fracture is largely or wholly within the capsule. Type I (Scudder)
fractures of the neck of the femur and fractures of the carpal bones
are examples in which joint fluid causes delayed union or is respon-
sible for non-union.
The presence of joint fluid is a most disturbing factor to the
normal healing process because of the dissipation of the blood clot
and the difficulty of stimulating new blood clot without also stimu-
lating the further effusion of joint fluid.
Because of the conditions attending intracapsular fractures it is
most important to take advantage of the feeble healing qualities
present by placing the fractured surfaces in the closest possible
approximation. This is probably the reason for the marked success
of the impaction treatment in joint fractures and also of the use of
metal pins.
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I am convinced that the great majority of cases of delayed union
and of non-union have their origin in this first step of the healing
process.
A compound fracture, because it permits the loss of the blood
needed to form the clot or because of the destruction of the clot by
the subsequent infection, is a slowly healing fracture or a cause of
failure of union. It needs hardly to be stated that to start the heal-
ing process a compound fracture must be converted into a simple
fracture by closure of the skin opening and by prevention of infection
through adequate debridement and lavage of the tissues by physi-
ological saline of a body temperature or within a few degrees above.
If non-union in a fracture results, the causes of the failure were
present from the first stage. In delayed union or in fibrous union
the failure may occur at the stage following the replacement of the
blood clot by fibrous tissue. The normal fibrous tissue in fracture
healing is not the mature fibrous tissue but the immature form repre-
senting a preliminary stage in the formation of one of the supportive
tissues. Whether this immature fibrous tissue goes on to the forma-
tion of mature fibrous tissue, an end-point in itself, and consequently
to fibrous union or to the formation of bone and consequently to
normal union depends upon factors which as yet are not clearly
understood. The general body factors having to do with the supply
of calcium salts and constitutional diseases disturbing calcium metab-
olism may well be factors. Inasmuch as the development of tis-
sues, especially bone, is governed by the demands made, it would
seem as if the local factors here would be important. In connection
with this stage ofhealing of fractures the work of Lindsay and others
should shed much light.
In the callus stage of healing fracture through the callus is prob-
ably the most important deterring factor. A refracture at this stage
is not apt to be accompanied by adequate hemorrhage to initiate a
new healing process which must begin at the beginning. I might
point out here that a fracture through callus must be considered,
for the purpose of determining prognosis, as a new fracture.
In conclusion it may be well to emphasize the fact that a fracture
must be treated from the moment it occurs. Delay is costly if the
conditions attending the fracture are not in keeping with the con-
ditions necessary for normal healing. Separation of fragments must
be corrected, especially in intracapsular joint fractures.
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